In this article, we present a detailed analysis of the statistical properties of seeing for the Muztagh-ata site which is the candidate site for hosting future Chinese Large Optical/infrared Telescope (LOT) project. The measurement was obtained with Differential Image Motion Monitor (DIMM) from April 2017 to November 2018 at different heights during different periods. The median seeing at 11 meters and 6 meters are very close but different significantly from that on the ground. We mainly analyzed the seeing at 11 meters monthly and hourly, having found that the best season for observing was from late autumn to early winter and seeing tended to improve during the night only in autumn. The analysis of the dependence on temperature inversion, wind speed, direction also was made and the best meteorological conditions for seeing is given. 2 J. Xu et al
INTRODUCTION
Muztagh-ata site is one of three potential astronomical locations in western China for hosting future Large Optical/infrared Telescope (LOT) project. LOT, which is an ambitious project with a goal to construct a 12 meters telescope aiming to the frontier scientific research on nature of dark energy, detecting of earth-like extrasolar planets, supermassive black holes, first stars, etc., was elected in 2015 (Feng et al. 2019 ). The site assessment campaign was initiated in January 2017 and lasted for more than two years, climatological properties and optical observing conditions such as sky brightness and cloud amount at Muztagh-ata site have been reported earlier by Xu et al. (2019a) and Cao et al. (2019a) . In this article, we focus on the seeing conditions at our site.
Image quality is directly related to the statistics of the perturbations of the incoming wavefront. With wavefront sensing methods, wavefront fluctuations can be directly analyzed, providing quantitative information on seeing, independent of the telescope being used (Sarazin & Roddier 1990) . Differential image motion monitor (DIMM) has become the standard equipment for assessing the atmospheric seeing at astronomical sites (Skidmore et al. 2009 ), the seeing derived from DIMM is the combined or integrated effect of all contributing optical turbulence along the optical path (Tokovinin 2002) . Michel et al. (2003) conducted a study with DIMM at San Pedro Mrtir observatory and yielded a median seeing of 0.60 arcsec during 123 nights in a three-year period. Tian et al. (2016) measured seeing with a DIMM at Delingha station and achieved an overall seeing median of 1.58 arcsec from 2010 to 2012. Furthermore, DIMM combined with Multi-Aperture Scintillation Sensor (MASS) were widely used for optical turbulence profile measurement Skidmore et al. 2009; Sánchez et al. 2012 ).
The seeing measurements was conducted at Muztagh-ata site during the period from April 2017 to November 2018, we analyze the seeing data collected by Differential Image Motion Monitor (DIMM) and
give the global, monthly, hourly statistics. We also present the seeing behavior on different conditions of temperature inversion, wind speed and direction. The layout of this paper is as follows: In Section 2, the working method of DIMM and our instruments for seeing measurements are briefly described. In section 3, we introduce how the DIMMs operated at Muztagh-ata site. In Section 4, we firstly show the comparison result between the two DIMMs, then we give the statistics of seeing at different heights during different periods, at last we focus on the 11 meters seeing and detail its statistics from aspects of monthly, hourly trends. Section 5 shows the relation between seeing and some meteorological parameters such as temperature inversion, wind speed and direction. Conclusions are given in Section 6.
SEEING AND SEEING MEASUREMENT
The atmospheric turbulence is usually studied through seeing (ε). The relation between ε, Fried parameter γ 0 , and the turbulence integral is given by Roddier (1981) as:
where λ is the wavelength and ∞ 0 C 2 N (h) dh is the optical turbulence energy profile, C 2 N is refractive index The central wavelength of light measured by the DIMM is λ = 0.5 µm and the final results have been converted for the direction of observation to zero zenith angle according to the following relation:
Where ζ is the zenith angle, ε 0 is the seeing at the zenith, and ε 0ζ is the seeing as determined by DIMM.
The DIMM measurements of the positions of the image centers of stars are made from short exposure images. The exposure time is automatically selected by software according to star magnitude. We focus on the integrated seeing down to the level of the DIMM corrected to one air mass and zero exposure time Skidmore et al. 2009 ). The Muztagh-ata site was equipped with two DIMMs, one was called French DIMM and the other one was called NIAOT DIMM in the following sections. Parameters of two DIMMs are summarized in Table 1 (Wang et al. 2019) .
SEEING MONITORING AT MUZTAGH-ATA
The seeing measurement task at Muztagh-ata site began in April 2017 and lasting until to November 2018.
We got median value of 0.83 arcsec from French DIMM and 0.89 arcsec from NIAOT DIMM during the whole measurement period. Here we introduce the two DIMMs' operation during whole measurement period at first.
We have built two towers for seeing measurements, with heights of 11 meters and 6 meters respectively, no dome protected as shown in Figure 1 . Difference of the heights between the two towers is to explore the effect of difference heights on seeing values. At first the observation was conducted on the ground before two towers were built. Then we moved the two DIMMs to the top of towers successively. The periods of the two DIMMs running at different heights as follow: French DIMM was installed on 15 th April 2017, NIAOT DIMM was installed on 12 th March 2017 and then had been running on the ground until 15 th November 2017, then we moved it to the top of 6-meter tower. After the rebuilding of 11-meter tower, for the purpose to ensure two DIMMs can be housed on the top of it simultaneously, we installed NIAOT DIMM on it on 21 st September 2018. The two DIMMs were operated at 11 meters until 20 th November 2018 for comparing. The detailed operation periods and heights of two DIMMs can be seen in Table 2 .
In Figure 2 we present the total data of the two DIMMs for each month during the acquisition period.
Because the sample rate of French DIMM is about five times that of NIAOT DIMM, we use different axes to represent the data amounts of two DIMMs, left for French DIMM and right for NIAOT DIMM. It is worthy of note that in May 2018 we rebuilt the 11-meter tower so the data amount of French DIMM in that month is relative smaller. Due to the failure of CCD and controller NIAOT DIMM did not operate during 
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Comparison of Two DIMMs
Because the 11-meter tower only can accommodate one DIMM before rebuild, so we did the comparison after expanding its platform. The comparison work of French DIMM and NIAOT DIMM was from 21 st September 2018 to 20 th November 2018, the two DIMMs both were operated on the top of 11-meter tower.
In Figure 3 we show two nights seeing measurement, from which we can see the seeing from French DIMM coincide well with that from NIAOT DIMM. Since the sampling rate of French DIMM is about five times that of NIAOT DIMM, so in this comparison work we firstly find out the nearest moment seeing of French DIMM according to NIAOT DIMM, then use the median value of five-neighborhood as the value of French DIMM. The comparison result of two DIMMs during this period is shown in Figure 4 , in which the correlation of NIAOT DIMM and French DIMM and the statistical analysis of the residual to line Y = X are given. The median of the residuals is 0.07 and the standard variance is 0.08, it indicates that the difference between the two DIMMs is very small. The seeing distributions and cumulative distribution functions during this period was shown in Figure 5 , the median seeing values of French DIMM and NIAOT DIMM are 0.71 arcsec and 0.72 arcsec respectively.
seeing at different heights
During the whole measurement period we operated two DIMMs at different heights to explore the distri- values acquired during this period. The median value from French DIMM is 0.79 arcsec at 11 meters and the median value from NIAOT DIMM is 0.97 arcsec on the ground level.
In autumn 2017 we built a 6-meter tower, and NIAOT DIMM was moved to the top of 6-meter tower on 15 th November 2017. The seeing got from NIAOT DIMM at 6 meters lasted until 20 th September 2018.
The results of measurement during this period are shown in Figure 7 . Both of the median seeing values at two heights are 0.87 arcsec. The difference between seeing median at 11 meters and ground level is 0.18 arcsec, and the difference is very small between 11 meters and 6 meters, indicating that the near-ground 
Seeing at 11 meters
From 23 rd June 2017 to 20 th November 2018, there were 293 nights in total available for seeing data and 142 nights during which more than 75% of the time the measurement acquired data. Figure 8 shows three seeing cases of the 142 nights: good steady nights, with excellent seeing throughout the night (standard variance value less than 0.25 and median value less than 0.82, 66 good steady nights in total, 14 th November 2017 for example);erratic seeing night, with irregular seeing throughout the night (standard variance greater than 0.25, 40 erratic nights in total, 2 nd January 2018 for example); degrade night in which there is a sudden burst of bad seeing (the standard variance value becomes greater than 0.25 toward dawn, 4 th April 2018 for example).
The French DIMM seeing median value at 11 meters from 23 rd June 2017 to 20 th November 2018 was 0.82 arcsec as shown in Figure 9 . We have made a monthly analysis of all available data. There were 16 months from July 2017 to November 2018 available for seeing measurement, no seeing values during May 2018 because the 11-meter tower was in rebuilding. The boxplot in Figure 10 shows the seeing line represents the values ranging from 1% to 99%, the diamonds and horizontal lines inside every box represent mean and median values respectively. From Figure 10 we can see that the best time period for seeing at Muztagh-ata site is from late autumn to early winter.The seeing nightly statistics and Cumulative Distribution Functions during October and November 2017 are shown in Figure 11 , the median values are 0.62 arcsec and 0.60 arcsec for these two months. Bad seeing nights appeared frequently in July and
August every year, mainly due to the erratic weather during autumn.
In order to explore the seeing behavior along the night we plot the hourly results for each season integrated over this acquisition period in Figure 12 then improves, it is obviously the seeing during the second half of the night in autumn is better than the first half.
SEEING DEPENDENCE ON METEOROLOGICAL CONDITIONS
One automated weather station named second generation Kunlun Automated Weather Station(KLAWS-2G) 1 was installed at Muztagh-ata site and started to record data from 1 st August 2017. It has several high precision temperature sensors (Young 4-wire RTD ,Model 41342), cup anemometers and wind vanes at different heights make it possible to explore the influence of meteorological parameters on seeing. In this section, the seeing data we use is from French DIMM in the period of 1 st August 2017 to 20 th November 2018 at 11 meters.
Temperature Inversion
The phenomenon of temperature inversion means air temperature decreasing with decreasing elevation, it comes with stable atmospheric structure. Hu et al. (2014 Hu et al. ( , 2019 used KLAWS-2G and found strong temperature inversion occur frequently at Dome A (Burton 2010) . We want to explore the lasting time and influence on seeing at Muztagh-ata. Figure 13 shows the statistics of inversion layer in two periods: one is in afternoon from 13:00 to 15:00 (UTC+8), another is in midnight from 1:00 to 3:00 (UTC+8). It can be seen that 70% of the time during the midnight period the temperatures at 2 meters are smaller than that at 6 meters, and the median value of the difference is -0.2 • C.
Relationship between seeing and temperature inversion is presented in Figure 14 , there are four cumulative distribution function curves in the plot represent four ranges of the difference between the temperatures at 2 meters and 6 meters. The blue one is the range of smaller than -0.5 • C with seeing median value 0.71
arcsec. The dark green is the range of -0.5 to -0.3 • C with seeing median value 0.77 arcsec. The pink is the range of -0.3 to -0.1 • C with seeing median value 0.8 arcsec. The light green is the range of higher than -0.1 • C with seeing median value 0.9 arcsec. Figure 14 proofs that stronger inversion can bring better seeing. 
Wind
We use the sensors homed at 10 meters altitude for the analysis of the seeing versus wind speed and direction. Figure 15 and Figure 16 show the relation of the seeing measurements to wind direction and speed of prevailing wind direction. According to the meteorological parameter measurement results at Muztagh-ata site of this site-testing task, the prevailing wind is southwest in this area (Xu et al. 2019a ). The asterisks in The asterisks mark the amount of data and solid line and pluses indicate the median seeing values. With the increase of wind speed, the median seeing value shows an initial drop until the wind speed reaches 3 ms −1 then keeps growing. When the wind speed is greater than 12 ms −1 the data amount decreases sharply and 75% line deviates from median line. From these two figures we can see that the most stable 
CONCLUSIONS
DIMM data collected from June 2017 to November 2018 at Muztagh-ata site have been presented. We want to acquire some preliminary conclusion of near-ground turbulence distribution and seeing condition at our site. The main results got from this work as follow:
1. The seeing median value at 11-meter during whole measurement period is 0.82 arcsec. Seeing difference between 11-meter level and 6-meter level is very small but significant between 6-meter level and ground-level. It illustrates that the near-ground turbulence is concentrated within 6 meters above ground at Muztagh-ata site.
2. Seasonal statistics shows that the best season for optical astronomical observation at Muztagh-ata Site-testing at Muztagh-ata site II:Seeing statistics 13 analysis shows that there is a tendency of seeing that getting worse progressively toward dawn in the most time of year but autumn, in this season the seeing deteriorates first and then improves during night.
3. The dependence of the seeing at 11 meters on meteorological conditions is discussed. We calculate the frequency of temperature inversion during midnight, 70% of that time the inversion was present. Then we analysis the relationship between inversion and seeing, results present the evidence that stronger inversion can bring better seeing.
4. We present seeing roses and seeing statistics at various wind speeds of prevailing wind direction, from which the conclusion would be made that stable ground turbulence occurs when stable breeze from southwest.
